











take	 blood	 samples.	 The	 process	 of	 identification	 and	 locating	 of	 veins	 plays	 an	 important	 role	 during	 the	
intravenous	 cannulation	procedure	 to	 reduce	health	 care	 costs	 and	 suffering	of	patients.	This	paper	 compares	
between	the	three	technologies	to	assess	their	suitability	and	capability	for	the	detection	of	veins	to	support	the	
cannulation	process.	Three	types	of	cameras	are	used	in	this	study,	a	visual,	an	infrared	and	a	near	infrared.	The	
collected	 images,	 103	 I	 total,	 from	 the	 three	 technologies	 have	 been	 analysed	 using	 a	 wide	 range	 of	 image	
processing	techniques	and	compared	with	identification	templates	to	evaluate	the	performance	of	each	technology.	
The	results	show	that	the	near	infrared	technology	supported	by	suitable	LED	illumination	is	the	most	effective	for	
the	 visualisation	 of	 veins.	However,	 infrared	 thermography	 is	 found	 to	 be	 successful	when	 followed	 by	 a	 cold	
stimulation.	
	OCIS	codes:	(100.2000)	Digital	image	processing;	(110.0110)	Imaging	systems;	(120.3890)	Medical	optics	instrumentation;	





Peripheral	 intravenous	 cannulation	 is	 the	 procedure	 of	 inserting	 a	
cannula	into	the	peripheral	veins,	in	most	cases	the	veins	of	the	hand	or	
forearm.	It	is	used	for	many	medical	procedures	such	as	maintaining	
hydration,	 administering	 blood	 or	 blood	 components	 and	
administering	 drugs	 such	 as	 antibiotics	 [1].	 Numerous	 studies	 have	
identified	the	difficulties	faced	by	clinical	staff	to	perform	intravenous	
cannulation	[2].		For	example,	in	the	USA	it	is	estimated	that	more	than	
400	 million	 intravenous	 (I.V.)	 catheters	 are	 used	 daily	 to	 deliver	
medicine	 in	 the	 USA	 with	 success	 rate	 of	 about	 72.5%	 in	 the	 first	
attempt	[3].		
	 The	use	of	several	attempts	for	intravenous	cannulation	increases	
the	 suffering	 of	 patients,	 and	 could	 cause	 damage	 to	 veins	 and	






are	 a	major	 challenge	 for	modern	medical	 care.	 A	 patient’s	 level	 of	
hydration	influence	the	ability	to	identify	their	veins.	If	 the	patient	is	
obese,	 normal	 cues	 are	 typically	 absent	 making	 venous	 access	










the	 visible	 light.	 Therefore,	 skin	 images	 of	 people	 recorded	 in	 NIR	
spectrum	give	accurate	details	of	 the	blood	vessels	at	shallow	depth	
below	 the	 surface	 of	 the	 skin	 in	 comparison	 to	 visual	 cameras.	NIR	
radiation	can	easily	penetrate	into	the	depth	of	blood	vessels	and	the	





thermal	convection	and	conduction.	According	to	 [9],	 the	 transfer	of	




	 For	 finding	 three‐dimensional	 information	 for	 identification	 of	
blood	vessels	location	and	depth,	near‐infrared	(NIR)	optical	imaging	
devices	have	been	reported	to	be	effective	[10,	11].	This	can	be	done	
without	 the	 need	 of	 any	 cold	 or	 warm	 compress	 (cold	 or	 warm	
stimulation).	Traditionally,	 infrared	thermometry	 is	used	to	measure	
skin	temperature	[13],	however,	the	application	of	vein	visualisation	is	
still	 limited	 in	 industry	 and	 this	 paper	 will	 assess	 infrared	
thermography	in	comparison	to	near	infrared	and	visual	images.		It	has	
been	argued	that	the	best	NIR	wavelengths	to	optimise	vein	contrast	
are	 determined	 experimentally	 [14].	 On	 the	 other	 hand,	 infrared	
thermography	 can	 measure	 skin	 temperature	 [15]	 and	 hence	 light	
illumination	will	not	be	needed.	
A. Problem statement 








To	 address	 the	 above	 mentioned	 problems	 due	 to	 improper	 vein	
detection	 especially	 in	 the	 patient	 characteristics	 associated	 with	
difficult	 IV	 access	 there	 is	 a	 strong	 need	 to	 develop	 a	 vein	 locating	
device	 with	 suitable	 technology	 and	 simple	 image	 processing	
techniques.		
	 The	present	research	work	is	an	attempt	to	design	an	algorithm	to	
evaluate	 the	 capabilities	 of	 three	 different	 technologies	 for	 the	
detection	 of	 veins	 for	 IV	 access.	 This	 paper	 is	 aiming	 to	 compare	
between	visual,	infrared	and	near	infrared	images	for	the	detection	of	
veins	and	to	establish	an	easy,	compact,	safe	and	reliable	visualization	





available	 for	 this	 purpose	 in	 the	 market	 have	 some	 limitations,	
drawbacks	and	are	somehow	costly.	There	are	various	challenges	to	be	
found	throughout	the	design	and	implementation	of	a	device	such	as	
the	 lighting	 system,	 the	 image	 processing	 algorithms,	 the	 physical	
design	and	the	cost.	




cameras	 can	 be	 developed	 cheaply	 with	 the	 modification	 of	 visual	
cameras	through	filter	modifications.	However,	many	modern	cameras	








market.	 	The	near	 infrared	vein	 locators	or	viewers	normally	would	
produce	good	results	 in	ideal	conditions	such	as	low	fat	content	and	
clear	 skin.	 But,	 due	 to	 complex	 relationship	 between	 various	
physiological	 parameters,	 the	 performance	 can	 differ.	 This	 becomes	
also	difficult	when	estimation	of	 veins’	depth	or	diameter	 is	needed	















Schematic	 diagram	 of	 the	 methodology	 is	 shown	 in	 Figure	 1.	 Case	




be	 considered	 as	 an	 exact	 price	 or	 an	 accurate	 quotation	 due	 to	
significant	variability	in	the	options	and	pricing.		











probable	 visible	 veins	 for	 all	 three	 types	 of	 cropped	 images	 (expert	
interpretation).	After	that,	templates	are	converted	into	grayscale	and	
thresholding	is	applied	for	comparison	with	processed	images.	On	the	
other	 hand,	 a	 series	 of	 image	 processing	 techniques	 are	 applied	 on	
three	types	of	cropped	images	(N	=	103)	to	enhance	the	visualisation	of	
veins.	 To	 assess	 the	 efficiency	 of	 the	 three	 different	 technologies	
differences	are	 found	between	 templates	and	 the	processed	 images.	








colour	 to	 grayscale.	 Average	 method	 is	 used	 to	 calculate	 the	 grey	
values.	It	calculates	the	mean	of	the	red,	green	and	blue	colours	values:	
        (1) 
Where	R,	G	and	B	are	the	red,	green	and	blue	values	of	each	pixel.		
Difference	 of	 Gaussians	 is	 also	 used.	 It	 is	 a	 feature	 enhancement	
algorithm	that	finds	difference	of	 lower	type	of	actual	blurred	image	
from	 its	 higher	 type	 [36].	 Mathematically,	 given	 an	 m‐channels,	 n‐
dimensional	image	




contrast	of	many	 images	 is	 raised	 by	 histogram	 equalisation	mainly	
















Threshold:	the	minimum	 brightness	 change	 is	 handled	 by	 threshold	
that	will	be	sharpened	[39,	40].	






The	vein	 locating	systems	have	been	designed	 to	take	 images	of	 the	
veins	 in	hands/forearms	using	 all	 infrared,	 near	 infrared	 and	visual	
cameras.	Technical	specifications	associated	with	infrared	camera	FLIR	
E25	 are;	 resolution	 (thermal	 image	 quality)	 =	 160x120,	 thermal	
sensitivity	<0.1	°C,	temperature	range	=	‐20	°C	to	+	350	°C,	built‐in	2	
Mpixels	camera,	 spectral	 range	=	7.5	 ‐	13	µm,	detector	 type	=	Focal	









960	1.2MP,	 Image	Capture	 (16:9	W)	360p,	480p,	 720p,	Frame	Rate	
(max)	 30fps	 at	 640x480.	 The	 near	 infrared	 CMOS‐based	 sensor	
technology	is	used	with	plastic	lens,	wave	length	700	to	900nm,	field	of	
view	 (FOV)	 is	60°,	 	 Focal	 Length	4.0	mm,	Optical	Resolution	 (True)
	 1280	 x	 960	 1.2MP,	 Image	 Capture	 (16:9	W)	360p,	 480p,	 720p,	




high	 resolution	 (thermal)	 infrared	 camera	 FLIR	 E25.	 The	 above	
software	are	used	only	for	the	capturing	of	images	from	different	types	
 
Vein Locator Systems using IR, NIR and Visual Cameras
Acquire Images by 
Visual Camera
Acquire Images by NIR 
Camera






Region of Interest Selection of NIR, Visual and IR Images
Templates of NIR, Visual and IR Images
Grayscale Conversion of all Templates 
Thresholding of all Templates 
Image Processing Techniques Application 
on NIR, Visual and IR Images 
Thresholding
Error Calculation (%)
Comparison between the 
Templates and Processed 
NIR, Visual and IR 
Images
Γߪ1,ߪ2 ∶ ሼX ⊆ ܴ݊ሽ → ሼܼ ⊆ 	ܴሽ 
݌ݔሺ݅ሻ ൌ ݌ሺݔ ൌ ݅ሻ ൌ ݊݅݊ , 0 ൑ ݅ ൏ ܮ 
of	cameras	whereas,	for	the	application	of	image	processing	techniques	
























three	 different	 cameras	 (28cm)	 with	 all	 possible	 combinations	 of	
intensities	of	visible‐light	and	 infrared	LEDs	especially	 for	 the	visual	
and	near	infrared	technologies.	Total	103	images	have	been	captured	
by	 three	 different	 types	 of	 cameras	 of	 volunteers	 associated	 with	
different	characteristics	such	as,	skin	tone,	ethnicities,	gender,	age	and	
weight.		






‘medium’	 in	 the	Tables	2	 and	4	 refer	 to;	 an	LED	 that	 gives	 off	 very	
(fully)	bright	light	has	a	high	luminous	intensity,	when	an	LED	doesn’t	









































all	 NIR	 and	 visual	 images	 are	 transformed	 into	 grayscale.	 Thirdly,	





performed	 on	 all	 NIR	 and	 visual	 images	with	 the	 following	 chosen	
parameters	such	as	radius	=	380,	amount	=	4.7	and	 threshold	=	38.	
Finally,	thresholding	is	performed	on	both	types	of	images.	The	reason	
of	selecting	a	set	value	 for	some	of	 the	parameters	 is	 to	achieve	the	
enhancement	 of	 the	 visualisation	 of	 the	 veins	 by	 image	 processing	
because	 best	 enhancement	 results	 has	 been	 found	 on	 these	 values.	
	 For	IR	images,	temperature	range	of	thermal	images	is	adjusted	in	
FLIR	report	2.2	to	enhance	the	visualization	of	veins.	Same	techniques	
have	 been	 applied	 on	 IR	 images	 with	 slightly	 different	 parameters	
using	 the	 same	 soft‐wares.	 After	 selecting	 ROI,	 infrared	 images	 are	





due	 to	 the	 different	 nature	 of	 the	 thermal	 images	 but	 the	 main	
objective	is	the	same	which	is	to	enhance	the	visualisation	of	the	veins	
through	image	processing	techniques.	Similar	to	other	images,	unsharp	














of	most	 probable	 visible	 veins	 (template)	 is	 generated	manually	 for	
every	single	original	image	of	all	three	types.	Templates	are	converted	
into	 grayscale	 first	 and	 then	 thresholding	 is	 performed	 on	 them.	
Ultimately,	a	one	 to	one	comparison	 is	made	 for	every	single	 image	
with	 its	 template	 image	 to	 find	 the	 differences.	 Consequently,	 the	
errors	are	calculated	for	testing	the	efficiency	of	the	three	technologies	
for	the	detection	of	veins.	Some	statistics	such	as	error	(%	pixels)	for	all	












































the	present	 study	are	 calculated	by	comparing	 the	processed	 image	
with	its	identification	template	in	DiffImg.	Mean	errors	(%	pixels)	are	
calculated	 for	 each	 technology	 to	 assess	 their	 suitability	 for	 the	
detection	 of	 the	 veins.	 For	 visual	 images	 (N	 =	 38)	mean	 errors	 (%	
pixels)	are	 found	 to	be	24.37	and	standard	deviation	3.55.	For	near	
infrared	images	(N	=	40)	average	errors	(%	pixels)	are	calculated	17.16	
and	standard	deviation	4.38.	However,	 for	 infrared	 images	 (N	=	25)	








near	 infrared	 systems	 whereas	 thermal	 images	 are	 not	 intensity	
sensitive	but	influenced	by	temperature	changes	so	those	are	captured	
with	and	without	cold	stimulation.	So,	 the	number	of	 images	 for	the	
three	technologies	vary	but	all	three	technologies	cover	the	images	of	
the	same	volunteers.	
	 Hence,	 the	 experimental	 results	 are	 compared	 on	 the	 basis	 of	
statistics	and	plotted	in	the	form	of	line	graph	and	bar	chart	as	shown	
in	 Figures	 5	 and	6.	Mean	 error	 (%	pixels)	 for	 each	 technology	 and	


























































be	 seen	 clearly	when	 compared	 to	veins	 in	 visual	 and	 IR	 images	of	
Tables	 2	 and	 3	 respectively.	 	 The	 most	 accurate	 results	 for	 the	
detection	of	veins	are	obtained	by	the	near	infrared	camera	at	several	
combinations	of	 intensities	 of	 visible‐light	 and	 IR	 LEDs	as	 shown	 in	
Tables	4	and	5.	Similarly,	quantitative	analysis	also	suggests	through	
statistical	data	that	the	calculated	error	(%	pixels)	is	found	in	case	of	
NIR	images	to	be	the	 lowest	 in	comparison	with	 infrared	and	visual	
results.	













cameras	are	 less	 efficient	 for	vein	detection	 in	 comparison	with	 the	
near	 infrared	 and	 infrared	 systems.	 However,	 the	 results	 of	 visual	
technology	 are	 found	 the	 most	 consistent	 but	 with	 higher	 error	
percentages.	
	 Thus,	 it	 has	been	 found	qualitatively	 and	quantitatively	 that	 the	
grayscale	 image	 processing	 combined	 with	 histogram	 equalisation,	
edge	 detection	 (difference	 of	 Gaussians),	 enhancement	 (unsharp	
mask)	and	thresholding	make	the	near	infrared	technology	supported	
by	suitable	visible‐light	LEDs	and	 infrared	LEDs	 intensities	 the	most	
efficient	technology	to	be	used.		
	 Hence,	the	results	also	show	that	the	use	of	a	cold	compress	(cold	
stimulation)	for	infrared	technology	helps	to	enhance	the	visualisation	
of	veins.		
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